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rupt RAM for keeping the CPU states during a transition of the three modes the system should operate at a request of 

may be integrated on the chip 124 with the power-efficient the user or a command by an application or some control 

processor 120 to reduce the latency, although it may be a circuit in the system. 

separate unit on the motherboard. The latency may be In one implementation of the concurrent multiprocessing 
further reduced when the power-efficient processor 120 5 mode, multiple programs or multithreaded programs can be 
begins reading the CPU states at the same time while the run through each of the two processors 110 and 120. In 
high-performance processor 110 sends its CPU states to the another implementation, the high-performance processor 
chip 124. A reverse process takes place when the execution 110 ma y be designated as the main processor to run 
is switched from the power-efficient processor 120 to the computation-intensive applications while the power- 
high performance processor 110. ' 10 ef5cicnt Pressor 120 may be designated as the supple- 
. , lL ..... . A „ mentary processor to run applications that do not demand 

Another way to reduce the transition latency is to allow hi h compilta tion power. For example, the processor 120 

direct transfer between registers of the two processors may 5e an mle Uigent I/O processor to run local programs 

through the bus 112 by using specific pin connections or a anc j t0 ma nage I/O devices. 

new instruction. In addition, a software routine, e.g., oper- Hence> the syste ms 100 and 200 may be configured to 

ating systems or the BIOS, for the processors 110 and 120 15 operate k either a mode in which the processors 110 

can be designed to maintain the configuration of the dormant 120 in combination behave as a single processor, or in 

processor to be the same as the active processor without a concurrent mode in which both processors 110 and 120 can 

transferring all CPU states between them. A further transi- operate at the same time. FIG. 3 shows three different 

tion scheme uses the processor snooping during HALT/ exemplary operating states based on the two modes for the 

STOP GRANT mode of the dormant processor to allow 20 sys tems 100 and 200. Switching between the two modes can 

transfer of CPU states of the active processor to the dormant be done by resetting the configuration register based on the 

processor when the power is off for all CPU logics except operating conditions and performance requirements for dif- 

the minimum number of logics for snooping or for control- f ercnt applications. The operating system, the BIOS, or an 

ling the I/O interface bus. application may be used to reset the configuration register. 

The mobile computer system 100 of FIG. 1 can be highly 25 The two processors 110 and 120 in general may be formed 

integrated in part by fabricating the power-efficient proces- from any suitable processors. They may have different 

sor 120 and other devices on the same chip 124. This is architectures or operate on different operating systems or 

possible because the power-efficient processor 120 is different instruction sets. Sometimes the differences between 

designed based on a mature processing technology that can the processors 110 and 120 can present problems. A proper 

be used to fabricate other integrated circuits of the system interfacing mechanism can be used to harmonize the two 

100. The supplying voltage Vcc for the power-efficient processors 110 and 120 when necessary. The interfacing 

processor 120 can be relatively high and hence compatible mechanism may be implemented in hardware, software, or 

with voltages of other circuits and devices while still main- a combination of both. 

taming the number of millions of instructions per watt at a For example, instruction sets of the processors 110 and 

rfftsfrp.H hicrh Ip.vp.1 fnr the. ■nowp.r-p.ffir.ip.nt nrnrrp.««nr 120 As. i^n ~ — , u~ A : cp « tt „ 

• A' - • £ M^<V LLiajr KJS* Ulli.Wl.Vl.ll. 1XV11W, U.LL 111.311 UCL1U11 tUl UJV HI £11" 

a result, many devices and components of the system 100 performance processor 110, that is required to carry out an 

may be integrated with the power-efficient processor 120 on operation of an application program running on the system, 

the chip 124. ma y no t exist in the instruction set of the power-efficient 

For example, FIG. 2 shows a modified two-processor ^ processor 120. Hence, in order to use the processor 120 to 

system 200 based on the system 100 in FIG. 1. The graphic carry out the instruction, the interfacing mechanism may be 

controller 130 and the system memory 140 are integrated designed to use a combination of native instructions for the 

with the processor 120 and the chipset 122 on the chip 124. power-efficient processor 120 to perform the instruction. 

The power to the processor 120 and the power to the chipset When the combination does not exist, the processor 110 may 

122 and other devices on the chip 124 may be separately 45 need to be used, even when the power-saving operation 

controlled. Hence, when it becomes desirable to turn off the demands operation by the power-efficient processor, 

power to the processor 120 when the processor 110 is Although only a few embodiments are disclosed, other 

operating, the chipset 122 and other devices can still be modifications and variations are contemplated, 

powered to perform their functions. What is claimed is: 

The high-performance processor 110 may be separated 50 1« A computer system, comprising: 

from the chip 124 to allow necessary upgrade to faster a first processor, operating at a first clock frequency and 

high-performance processors. This design can considerably a first level of power consumption; 

reduce the system cost because the life cycle of high- a second processor of a second clock frequency and a 

performance processors is generally longer than life cycles second level of power consumption, said second clock 

of chipsets 122, the graphic controller, and other computer 55 frequency and second level being respectively less than 

devices and components. said first clock frequency and said first level of power 

The above two-processor mobile computer systems are consumption; and 
not limited to a power-saving mode in which only one of the an interface circuit, coupled to control said first and 
two processors is operating at any given time while the other second processors to select one processor to operate at 
is dormant, and a high-performance mode in which the 60 a particular time, wherein electric power to said first- 
high-performance processor 110 is operating at all times processor is turned off when said second processor is 
while the power-efficient processor 120 is dormant. Such selected to operate. 

systems may be further configured to operate in a concurrent 2. A computer system as in claim 1, further comprising a 

multiprocessing mode in which the two processors 110 and chipset that controls the communication among said first and 

120 can execute instructions of different program tasks or 65 second processors, wherein said interface circuit is built into 

threads at the same time. A configuration register can be said chipset, and wherein said second processor and said 

implemented, e.g., on the chip 124, to determine which one chipset are integrated on a single substrate. 
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